Abstract: 26
Coronaviruses (CoV), such as severe acute respiratory syndrome coronavirus (SARS-CoV) and 27
Middle East respiratory syndrome coronavirus (MERS-CoV), are of medical importance with high 28 mortality rates and significant zoonotic and pandemic potential. Here, we apply ribosome profiling 29 and parallel RNASeq to globally analyse changes in the host cell translatome and transcriptome 30 upon infection with mouse hepatitis virus, strain A59 (MHV-A59), a model murine coronavirus in 31 the same genus as SARS-CoV and MERS-CoV. We observed translational upregulation of ATF4, 32 ATF5 and Ddit3 and activation of the unfolded protein response (UPR). Phosphorylation of eIF2α 33 led to the global inhibition of translation and a substantial increase in empty 80S ribosomes. A drug 34 that inhibits the UPR attenuates virus growth suggesting that MHV may have evolved to subvert the 35 UPR to its own advantage. We also investigated an artefact of cycloheximide pretreatment in 36 ribosome profiling whereby ribosomes accumulate at the 5ʹ end of coding sequences in stressed 37 We reasoned that some host genes may be resistant to virus-induced shut-off and that identifying 141 such genes might give new insights into the shut-off mechanism(s). To evaluate differences at the 142 level of translation as a result of MHV infection, we calculated relative translation efficiencies (TE) 143 -defined herein as the ratio of ribosome-protected-fragment (RPF) and total RNA density in the 144 coding region (CDS) of a given gene -at 5 and 8 h p.i. TE was estimated using Bayseq in the 145 paired library mode, Babel [32] and Xtail [33] . These analyses had few overlapping predictions of 146 genes significantly differentially expressed, with Xtail producing a much higher number of 147 predictions (Fig 2) . These differences are likely due to variations in model assumptions between the 148 different approaches and reflect the greater difficulty inherent in modeling a quotient distribution 149 (i.e. RiboSeq/RNASeq). To proceed, we focused on genes that showed more than a 2-fold 150 difference in mean TE between infected and mock samples, and a FDR ≤ 0. Among the mRNAs found to be preferentially translated during MHV-infection were those whose 155 translation is known to be induced by eIF2α phosphorylation, including those for transcription 156 factors ATF4 (activating transcription factor 4), ATF5 (activating transcription factor 5) and CHOP 157 (DDIT3/GADD153) (Fig 2B and 2C; S2A Fig) . (Fig 4, left panel) , whereas there was no such effect when cells were harvested with 209 flash freezing (Fig 4, right panel) . Interestingly, but not unexpectedly, this effect was not seen for 210 mitochondrial mRNAs, which had similar 5ʹ loading ratio statistics over all conditions (Fig 4, GSK-260614 is a potent and selective high affinity ligand of the PERK kinase that interferes with 313 kinase activity by competing for ATP [55, 56] . In MHV-infected 17 Cl-1 cells at 5 h.p.i., the drug 314 prevented phosphorylation of the PERK substrate, eIF2α, in a dose-dependent manner (Fig 8A) , 315 effectively blocking this branch of the UPR, with only a minor effect on cell viability (S4A Fig) . (Fig 8A) and host protein synthesis (Fig 8B) , 318 without effect on mock-infected cells (Fig 8B) . 319 320 Despite the increased virus protein synthesis, 17 Cl-1 cell monolayers infected with MHV-A59 in 321 the presence of the PERK inhibitor remarkably showed delayed formation of syncytia in 322 comparison to untreated cells at 8 h p.i. (Fig 8C) , and quantification of released virions through 323 (2 457 µg/ml) and, after 6 h, cells were treated with CHX (Sigma-Aldrich; to 100 µg/ml or 10 mg/ml; 2 458 min). Cells were rinsed with 5 ml of ice-cold PBS and then submerged in a reservoir of liquid 459 nitrogen for 10 s. For flash freezing experiments, cells were rinsed with 5 ml of ice-cold PBS and 460 then submerged in liquid nitrogen for 10 s. Cell lysates were subjected to RiboSeq and RNASeq as 461 previously described [16, 77] . 462
463
Computational analysis of RiboSeq and RNASeq data: Reads were trimmed for adaptor 464 sequences, filtered for length > 25 nt, and reads mapping to Mus musculus rRNA (with up to 2 465 mismatches) removed, as previously described [16] . The remaining reads were aligned directly to 466 the mouse genome (UCSC, assembly mm10) (with up to 2 mismatches) using TopHat (parameters: 467 --no-novel-juncs --bowtie1 --prefilter-multihits --max-multihits 500, with --transcriptome-index 468 defined using the genes.gtf file from the UCSC mm10 annotation available from the TopHat 469 website) [78] . Reads were tabulated using htseq-count (parameters: -t CDS -m intersection-strict -i 470 gene_id -s yes), using the NCBI RefSeq mRNAs as the gene feature annotation. For differential 471 expression analyses, the htseq-count parameter "-type CDS" was used to count only those reads 472 washed twice with PBS and resuspended in lysis buffer (50 mM Tris pH 7.5, 100 mM NaCl, 5 mM 569 EDTA, 0.5% NP40). Cell lysate aliquots were mixed with Laemmli's sample buffer to a final 570 concentration of 1× and subjected to 10% SDS-PAGE followed by autoradiography. 
